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Abstract: Despite the economic and functional importance of software systems in modern
organizations, software development and maintenance are still regarded as high-risk
activities. Indeed, a great number of software projects fail to deliver software systems
meeting stakehol ders requirements within schedule and budget. So, the software industry
isin crisis called the “software crisis’. The great number of software project failures and
the high maintenance costs are the economic ramifications of the “software crisis’. The
socia ramifications of this crisis are related to the user resistance to software systems
use within organizations. This paper provides a framework, caled the “software
engineering global model” composed of two parts — static and dynamic - which provides
basic foundations to build instruments eliminating the causes the “ software crisis’ and

reducing its impacts.

1 INTRODUCTION

Information technology plays a critical role in
modern organizations. Indeed, to face the
increasing globalization of markets and the
constraints of changing economic and
technological environments, organizations use
information technology as instrument of
competitiveness. In particular, contemporary
information systems provide the main tools to
support business and decisson making
processes within organi zations whose existence
is strongly dependent on software systems.
Many authors have illustrated the organization
dependence on information technology. For
example, Boehm et a. (1988) projected that
computer software costs will grow to more than
$800 hillions worldwide by 2000, and

estimated for 1990 that these costs will
represent 13% of the U.S. GNP. According to
Willcocks (1994), the whole IT industry will
account for some 10% of the world economic
activity by the year 2000. This figure is about
two times the 1990 figure. This author noted a
rising trend in IT expenditure over the last two
decades. Gurbaxani et al. (1991) used the
economic agency and transaction cost theories
to demonstrate that information technology
shapes organizations by determining their
optimal size and helping them to optimize their
decision making process. On the basis of a
detailed analysis of organizations cost
structure, these authors show that information
technology has both centralized the decision
making process by lowering costs of
information dissemination and decentralized
this process by lowering monitoring costs. In
addition, by reducing internal coordination



costs, information technology increases
organization’s vertical size, which consists in
the number of chains of value adding covered.
By increasing network externdities and
economies of scale with manufacturing
technology, information technology leads to
larger firms horizontally i.e. in terms of number
of markets covered and market share therein.
Gurbaxani et a. (1991) noticed however that
information technology could also lead to
vertically smaller firms due to lower externa
costs.

Nevertheless, the value got out of organizations
vast investments in information technology is
less than expected since software industry isin
acriss called “the software crisis’. This crisis,
which has been with us for more then thirty
years, is one of causes of the “productivity
paradox” pointed out by Solow (1987) and
analyzed by many authors (Brynjolfsson 1993,
Brynjolfsson 1998, Willcocks 1999). In this
paper, we propose a framework, caled “the
software engineering global model” which
provides instruments to deal with the “ software
crisis’ and reduce its negative impacts. Our
paper is organized as follows. In section 2, we
present the main characteristics of “the
software crisis’. Section 3 describes the
foundations of the “ software engineering global
model” presented in section 4. Section 5
provides a list of applications of “the software
engineering global model” to the software
engineering discipline. In section 6, we
conclude this paper by describing lessons
learned and future research directions.

2. THE “SOFTWARE CRISIS’

The term “software crisis’ has been frequently
used since the 60's to alude to a set of
problems encountered in software engineering.
To underline the chronic nature of this
phenomenon, Pressman (1997) suggests the use
of the term “chronic affliction” rather “crisis’.
The “software crisis’ is characterized by two
categories of problems associated either with
the software artifacts devel opment,
maintenance and management processes, or
with software products use. These problems are

related to inaccuracy of schedule and cost
estimates, low productivity of software
developers and poor quality of software
products. The “software criss’ has two
ramifications. social and economic. Socia
ramifications of the “software crisis’ are
related to user resistance to implementation and
use of software systems within organizations.
User resistance is mainly due to organizational
and social changes induced by new software
systems and related to the role of information
technology within organizations. Economic
ramifications of the “software crisis’ result
from the great number of software failures and
the high maintenance costs of software
systems. Indeed, a great number of software
projects fail to deiver software systems
meeting stakeholders requirements within
schedule and budget. Viewed another way,
maintenance of software systems amounts to
about 60 to 85% of total software costs in
industry (Wiederhold 1995). According to the
Standish Group research (Standish 1995),
yearly expenditures on software systems
development in the United States were more
than $250 bhillion for approximately 175,000
projects. The average cost of a software project
is $2,322,000 for a large company, $1,331,000
for a medium company and $434,000 for a
small company. This study shows that:

» about 31% of projects are canceled before
completion,

* 53% of projects cost more than 180% of
their original estimated cost,

e in 1995, American organizations spent
about $81 billion for canceled projects
and additional $59 billion to complete
software projects.

* the average percentage of software
projects completed on time and on budget
is only 16% for al organizations and 9%
for large organizations.

The known estimations of the costs of software
project failures and overruns are just the tip of
the iceberg. Indeed, software project
cancellation, cost overruns, or late delivery
result in losing important but not measurable



opportunity costs. To redize the extent of this
problem, let us note that the failure to develop
areliable software system to handle baggage at
the new Denver International airport reached
$1.1 million per day. Solutions proposed to
deal with the “software crisis’ are presented
synthetically in the next section.

3. SOLUTIONSOF THE
“SOFTWARE CRISIS

Two categories of solutions are proposed to
date in order to deal with the “software crisis’.
On the one hand, there are approaches for
reducing the amount of work to be done by
software developers. These approaches are
based upon end-user computing and standard
application packages. On the other hand, there
are approaches for improving developers
productivity by raisng the software
devel opment process  efficiency and
effectiveness. Efficiency improvement results
from use of CASE tools and software
engineering environments while effectiveness
improvement is related to the quality of
software systems requirements. All these
solutions have partly failed, firstly because of
the increasing complexity of software systems
and secondly, because they don't take into
account all the aspects of software engineering
(Toffolon 1996). In particular, these solutions
don't focus sufficiently on the real causes of
the “software crisis’. That doesn't mean that
paradigms, methods, tools, and technologies
used to date are bad. We think that they
provide efficient instruments to deal with some
aspects of the “software criss’, if the red
problems are identified and well known. That
the software engineering global model
proposed in this paper is a framework, which
provides instruments to build appropriate
solutions to the “ software crisis’.

4. THE FOUNDATIONS OF THE
SOFTWARE ENGINEERING
GLOBAL MODEL

Well-known  definitions  of software
engineering often stress the technical aspects of
this discipline while neglecting totally or partly
its organizational, social and economic aspects.
For example, software engineering definition
provided by Nauer et al. (1968) does not take
into account either social and organizationa
aspects of software engineering or economic
aspects of the software products. Use of this
traditional view of software engineering as the
basis of known solutions to the “software
crisis’ results in many weaknesses inherent in
these solutions. To take into account of
software engineering, we define software
engineering as a set of organization's actors,
which use human, technical and informationa
resources to built a high quality computer
solution to an organizational problem, on-time
and on-budget. This definition stresses many
ideas. Firstly, software engineering involves
many actors within organization actors and is
not only the developers business. Secondly, the
goad of software engineering is the
computerization of well-defined organizational
solutions in order to provide a software product
aimed to support organization's business and
operational processes. Finally, organizational,
social and economic aspects are inherent at the
same time in the software development process
and the product issued from this process.
Consequently, the definition of solutions to the
“software crisis’ must be preceded by the
identification of al the aspects of software
engineering, actors involved, and resources
used and produced by this discipline. To reach
this goal, we consider that software engineering
is characterized by four facets: business-
oriented (also called structure-oriented), actors-
oriented, behavior-oriented and information-
oriented. The four facets of software
engineering correspond to the four maor
abstraction levels used to solve complex
problems: the conceptual level (What?), the
organizational level (Who?), the logical level



(With?) and the physical level (How?). Firstly,
by stressing information related to software
engineering processes and software artifacts
issued from this process, the “information-
oriented” facet corresponds to the conceptua
level. Secondly, the “actors-oriented” facet
corresponds to the organizationa level since it
provides information related to software
engineering actors and the roles they play
within  organizations. Thirdly, businesses
defined by the “business-oriented” facet permit
describing tools associated with the logical
level. Findly, the “behavior-oriented” facet
corresponds to the physical level since actors
behavior defined by this facet indicates how to
built computer solution to organizational
problems.

To identify and describe these four facets, we
use the by transaction cost theory (Coase 1937,
Williamson 1981), the agency theory (Alchian
et a. 1972) and the “software dimensions
theory” (Toffolon 1999). Although actors have
been identified as an essential component of
modern organizations by many organization's
models like for example the Leavitt's model
(Leavitt 1963), the economic agency theory
provides more accurate information about
actors interactions and behavior within
organizations. Such information permits
identifying the “actors-oriented” and the
“behavior-oriented”  facets of  software
engineering. The “business-oriented” facet is
determined using the transaction cost theory
which identifies in particular actors action
fields within organizations. The “information-
oriented” facet definition is based on the
software dimensions theory.

4.1 The agency theory

Economists have realized that the neo-classical
assumption that a firm behaves as a team,
which maximize its profits has limited scope
and is inadequate in analyzing manageria
behavior within modern organizations. They
propose an economic theory, called agency
theory, to explan the dtuations where
managerial behavior is inconsistent with profit
maximization.

Agency theory (Alchian et a. 1972)
analyzes an organization as a nexus of
contracts among self-interested individuals.
Each agency contract links a principa
(entrepreneur) and agents (employees) in order
to perform some service. Agency theory is
based on the following assumption: each agent
maximizes its proper utility and pays no regard
to the welfare of the principa or non-pecuniary
virtues. The discrepancies between the
objectives of the principal and those agents
result in agency costs which are the sum of
monitoring Costs, bonding costs
(documentation and reporting costs from agent
to principa) and residua loss. So, agency
theory permits understanding the structure of
the organization’s internal coordination costs
composed of agency costs and decision-
information costs. Agency costs concern the
acquisition of information on agents behavior
while decision-information costs reflect effort
and time needed to search and process
information related to decision-making. The
agency theory provides useful insights into
organizations and permits explaining how an
organization can be. It focuses on problems
related to informational considerations and
provides instruments to overcome them so
those firms are viable forms of economic
organization. Nevertheless, the agency theory
doesn't explain why an organization can be
under certain conditions a more efficient form
of ingtitution than a market. The transaction
cost theory provides tools to answer this

guestion.
Applying agency theory in analyzing
information  technology role in modern

organizations demonstrates that software
engineering is governed by a set of contracts
among actors concerned with the software
system to be developed or maintained. At a
given time, each project actor plays the role of
consumer (principal) or producer (agent) under
the contracts, which link him to the other
project actors. So, a software development or
maintenance project is a nexus of contracts
among different actors with conflicting
interests and points of view. The discrepancies
between the project actors objectives are



partly the source of software engineering
inconsistencies and related agency costs. A
preliminary condition to cope with these
inconsistencies is to identify the different
actors concerned with the software project as
well as their objectives (e.g. what they expect
from the project). Consequently, according to
the economic agency theory, the “behavior-
oriented” facet of software engineering is
characterized by enforcement of contracts
between self-interested actors involved in this
discipline.

4.2 Thetransaction coststheory

The transaction cost theory (Coase 1937,
Williamson 1981) analyzes markets problems
and views firms as solutions to these problems.
It considers that market operations are not
costless as is assumed in classical economic
theory. Market operations result in transaction
cost which are the costs of administering an
exchange relationship, a transfer of some good
or service between technologically separable
activities. Transaction cost include the costs of
negotiating, drafting, and monitoring contracts;
the costs of settling disputes and enforcing
settlements, and the opportunity costs related to
inefficient administration of contracts before
reaching a necessary hew agreement.
According to this theory, assessment of
transaction costs demonstrates that the firmisa
substitute for the market mechanism, created to
reduce transaction costs. Transaction costs
theory helps understanding how markets and
hierarchies are chosen. According to Malone et
al. (1987) and Picot et a. (1987), markets and
hierarchies are two basic mechanisms for
coordinating the flow of materials and services
through adjacent steps in the value chain.
(Williamson 1981) distinguishes two categories
of transactions. market transactions and
hierarchy transactions. The first category
support coordination between multiple buyers
and sellers while the second category permits
coordination within the firm as well as industry
value chain.

Dakhli et a. (1997) notices that confusion
between many businesses is one of the major
weaknesses of well-established software

development methodologies. At least two
factors make clear this confusion. Firstly,
software devel opment methodologiesin use are
built upon the same principles than the
manufacturing processes characterized by well-
known problems and solutions. Such
methodologies are appropriate to develop
software systems to computerize well-
structured and repetitive tasks like accounting.
They are not efficient in developing software
systems related to ill-structured problems like
Decison Support Systems or Knowledge
Management Systems. Secondly, because of
the role played by Information Technology in
modern organizations, software systems needed
are accumulation of many types of knowledge:
economic, organizational, technical,
socid...Therefore  many businesses are
involved in software products development,
maintenance and use. Applying the transactions
costs theory at the actors level permits
concluding that actors contribution to software
engineering activities must be compliant with
their know-how and businesses in which they
are the most efficient. To identify businesses
involved in software engineering, we notice
that the development of a software system is
associated with two problem-solving processes.
The organizational problem solving process
consists in building organizationa solution to a
problem related to organization’s operational or
business processes. This problem solving
process is bottom-up and involves two types of
actors. the end-user who defines the problem
and the customer/organizer who builds the
organizational solution. The software problem
solving process consists in developing a
computer solution to an organizationa
problem. In other terms, the software problem
solving process permits total or partia
computerization of an organizational solution.
This process is top-down and involves two
types of actors. the software architect who
builds the computer solution and the software
developer who implements it. Consequently,
the “business-oriented” and “actors-oriented”
facets of software engineering are characterized
respectively by four major businesses and four
types of actors involved in software



engineering activities. According, to the
transaction cost theory, those businesses
correspond to four mini-organizations called
project spaces described below.

4.3 The softwar e dimensions theory

(Toffolon 1999) identifies ten major aspects, or
dimensions, of software. These dimensions
have been determined on the basis of a deep
analysis of the effects of the software crisis and
organizations structure, that means
interrelations between al  organizational
components  (structural, tasks, individua,
technical), environment and information
technol ogy.

Those ten dimensions concern altogether the
software process and the artifacts produced by
this process. The software process’ dimensions
are cost dimension, delay dimension, technical
dimension, communication dimension, and
organizational dimension. The software
product’s dimensions are functional dimension,
human dimension, economic dimension,
organizational dimension, and tempord
dimension. Such dimensions demonstrate that
the same software may reflect many different
realities, which depend on the organizational,
social and economic contexts of its use and
exploitation.

The software dimensions theory provides
instruments to take into account all aspects of
software  engineering and  disseminate
information needed to master the development,
maintenance and use of software products. In
that way, the ten dimensions permit
characterizing the “information-oriented” facet
of software engineering.

The software engineering four facets identified
in this section permit us to model software
engineering as activities carried out by self-
interested organizational actors who use
structures defined by their businesses to
develop software artifacts in order to enforce
contracts linking them. Figure 1 illustrates this
model.

Figure 1: Software engineering representation

The transaction cost theory, the economic
agency theory and the software dimensions
theory play complementary roles in modeling
software engineering. Indeed, the transaction
cost theory permits identification of the actors
and businesses involved in software
engineering. The agency theory underlines the
conflicting interests and points of view of the
organization's actors concerned with the
software system, and provides an instrument to
model software engineering in terms of
contracts between consumers (principas) and
producers (agents). The software dimensions
theory permits identifying all the software
engineering aspects and facilitates the
expression of the organization’s priorities and
constraints according to the Simon’s Bounded
Rationality Principle (Simon 1983).

5. THE SOFTWARE
ENGINEERING GLOBAL
MODEL

The definition of the software engineering
global model proposed in this paper rests on
the description of links between entities
characterizing the four facets of software
engineering. This mode is composed of two
parts: static and dynamic. The static part —aso
called software engineering environment —
refers to the four project spaces pointed out in a
previous section while the dynamic part
corresponds to the software engineering
process.



51 Thefour project spaces

As noticed above, the four project spaces are
assimilated to mini-organizations associated
with actors and businesses involved in software
engineering. Those spaces are:

© The problem space where are defined
the customers and users problems and their
organizational  solutions. This  space
represents  the  stakeholder/customer’s
business.

® The solution or architectural space
where are defined the computer solutions of
the customer/user’s problems. This space
represents the architect’ s business.

© The construction space where these
solutions are implemented. This space
represents the developer’ s business.

® The operation space where are
evaluated the software’s usability from the
user’s perspective as well asits contribution
to the organization’s competitiveness. This
space represents the end user’ s business.

Besides, each software project is represented in
the four spaces by a static part, a dynamic part,
and actors. In each space, project’'s dynamic
part relates to the software engineering process,
project’s static part is composed of software
artifacts resulting from this process, while
project actors are human resources concerned
with this project. Each actor may be either
producer (agent) or consumer (principa) of
software artifacts.

A role played by a project’s actor in one of the
four spaces is either principal or secondary. In
each space, it is possible that a project has
many actors assuming secondary roles, but
there can be only one project actor involved in
a principal role. Moreover, an actor can play a
secondary role in many spaces, but a principal
role only in one (every actor plays the principal
role in some space). The project actors and the
four spaces interrelations are illustrated by a
tetrahedron (UCAD) where each face
represents one space and each vertex represents
a type of user (Figure 2). Each line of the
tetrahedron (UCAD) shows the interaction
between two project actors belonging to the

same space and each space is designated by a
three letters acronym where the second letter
corresponds to the project’s actor playing the
principa role in this space. According to this
figure, the correspondences between spaces
and actors are the following:

* In the problem space (UCA), the
customer (C) plays the principa role
while the user (U) and the architect (A)
play secondary roles.

* In the solution (architectural) space
(CAD), the architect (A) plays the
principal role while the customer (C)
and the developer (D) play secondary
roles.

e In the congruction space (ADU), the
principa role is played by the
developer (D) and the secondary roles
are played by the architect (A) and the
end user (U).

e In the operation space (DUC), the
principal role is played by the user (U)
and the secondary roles are played by
the developer (D) and the customer (C).

The software dimensions are linked to the four
project spaces since each project space is
associated with a subset of the ten software
dimensions. So,

» the problem space corresponds to the
organizational, economic, temporal and
functional software product dimensions,

» the solution space corresponds to the
cost, delay, technical software process

dimensons and to the functiond,
organizational software product
dimensions,

 the construction space corresponds to
the cost, delay, organizationa and
communication software process
dimensions and to the functional and
human software product dimensions,

 the operation space corresponds to the
organizational, human and functional
software product dimensions.



Figure 2: The four project spaces and associated

Figure 3 illustrates the correspondence between
the four project spaces and the software
dimensions. The four software project spaces
provide tools to analyze deeply and describe
the various contracts between the software
project actors, as well as the “software crisis’
in terms of deviations and inconsistencies
P inherent in software engineering.

actors
Spaces
Problem Solution Construction Operation
space space space space

Softwar e product dimensions

« Economic v

» Temporal v

» Organizational v v v

« Human v v

» Functional v v v
Software development process
dimensions

» Cost v v

» Delay v v

« Organizational v

« Communication v

» Technical v

Figure 3: The relationships between the four project spaces and the software dimensions

5.2 The dynamic part of the software

engineering global model

In this section, we present the dynamic part of
the software engineering global model from
two perspectives.

The first perspective, dso caled meta-level, is
based upon the “PACO” (Problem-
Architecture-Construction-Operation) loop. It
describes the correspondence between the four
gpaces and the tetrahedron’'s (UCAD) sides.
Such a correspondence originates from the

iterative progress of the software development
process. Execution of the (PACO) loop
proceeds as follows. The definition of a
computer solution of an organizational problem
permits the transition from the problem space
to the solution space. The implementation of
this solution expresses the transition from the
solution space to the construction space. The
installation of the software artifacts built in the
construction space results in the transition from
this space to the operation space. The
description of problems and needs generated by
the use of the software installed permits the



transition from the operation space to the
problem space. The meta-level of the dynamic
part of the software engineering global model
rests on the roles played by the project’s actors
as human interfaces between project spaces. A
project’ s actor who plays a principal rolein one
space and a secondary role in an another space
carries out the human interface between these
two spaces. So:

* the human interface between the
problem and the solution spaces is
carried out by the customer (C) and the
architect (A),

* the human interface between the
solution and the construction spaces is
carried out by the architect (A) and the
developer (D),

* the human interface between the
construction and the operation spacesis
carried out by the developer (D) and the
end user (U),

e the end user (U) and the customer (C)
carry out the human interface between
the operation and the problem spaces.

The second perspective, also called operational
level, provides information related to the
implementation of the software engineering
process. To be complete and efficient, the
description of the software engineering process
must reflect the behavior of organizational
actors while processing information related to
enforcement of contracts linking them.
Consequently, contribution of organizational
actors to the software engineering process is
associated with two types of activities:
production and coordination. Production
activities are carried out within each project
space by the actor who plays the principa role
in this space. Coordination activities are either
intra-space activities or inter-spaces activities.

In addition, to take into account changes
induced by volatlity and evolution of
stakeholders needs, by technical and economic
uncertainty, and by internal and externa
organization’s constraints, the software
engineering process associated with the
dynamic part must be iterative at two levels.
The first level, caled intra-space iteration

level, relates to the progress of the processes
supporting each project space. The second
level, caled inter-spaces iteration level,
expresses that evaluation and coordination
activities are iterative. Consequently, the
proposed software development process is
composed of five interdependent spiral models
(Boehm 1988). (Figure 5) illustrates the five
spirals.

1. A globa spira mode, called
coordination spiral, which permits
inter-spaces “navigation”, provides
evaluation and coordination tools, and
describes rules alowing intra-space
and inter-spaces communication and
roles distribution. This process is in
compliance with the loop « Problem-
Architecture-Construction-Operation »
(PACO) (Figure 4). The coordination
spiral takes place in the space
generated by the ten software
dimensions.

2. A spird model called organizational
spiral, which  implements the
organizational engineering process
supporting the project’'s problem
space. The organizational spira is
represented in the space generated by
the software dimensions associated to
the problem space.

3. A spiral model called architectural
spiral, which implements the
architecture definition process
supporting the project’ s solution space.
The architectura spiral is represented
in the space generated by the software
dimensions associated to the solution
space.

4. A spira mode called software spiral,
which implements the software
implementation process supporting the
project’s construction space. The
construction spiral isrepresented in the
space generated by the software
dimensions  associated to the
construction space.

5. A spiral model caled operational
spiral, which implements the software



systems use process supporting the
project's operation space. The
operational spiral is represented in the
space generated by the software
dimensions associated to the project’s
operation space.

Detailed description of the five spirals cited
above is beyond the scope of this paper. The
remainder of this section is dedicated to two
important topics related to the dynamic part of
the software engineering global model: Firstly,
we provide a general description of the
coordination activity related dynamic part of
the software engineering global model. Then,
we describe synthetically the resources used by
the five spirads implementing the proposed
software development process.

Organizational solutions
Specifications

Modification requests
Software reuse problems
New needs

Operation
space

Software sysem versions

P

Reusable artifacts
Architecturemodels

Construction
space
C

Figure 4: The (PACO) loop

Coordination 4
iral
O

Problem space

Organizational
spiral
sp

peration space

Operational
spiral
>

\_/ >
Architectural /twares)iral
spiral

Construction space

Solution space

Figure 5: Software development process spirals

521 The coor dination activity

The coordination activity, related to the
dynamic part of the software engineering
global model, takes place either within the four
spaces or between those spaces. The
coordination activity between two project’s
spaces is caled horizontal coordination. The
coordination activity within a project’s space is
caled vertical coordination. The coordination
spiral, which supports the horizonta
coordination, is composed of two sub-
processes. a communication sub-process and a
meta-process. The communication sub-process
describes the coordination tasks, the actors
communication rules, and the role distribution
among project actors. The meta-process, based
on a consumer/producer schema, describes
negotiation rules and evaluation tasks, and
defines, for software artifacts, the inter-spaces
quality and acceptation criteria.

The coordination spira uses two categories of
resources contained in a repository common to
al project spaces:

1. The first resources type relates to the
evaluation  methods,  approaches,
technologies, and tools in use within
the organization. Codst/benefit
methods, quality control techniques,
tool sdlection methods are examples of
such resources.

2. The second resources type relates to
the organizational rules and models
governing the rdationships among
project actors. They include in
particular evaluation and acceptation
criteria and thresholds used during
meta-process implementation.

The vertical coordination aims at facilitating
the progress of each spird’s cycle, the
transition between two cycles, and the
activities/teams coordination. We notice that,
for each process supporting a project’s space, a
spiral’s cycle consists in performing a service
related to the organization’s business or in
elaborating a version of an organizational, an
architectural, or a software solution.



The vertical coordination is supported by the
four spaces meta-processes. A project’s space
meta-process refers to evaluation, coordination
and decision tasks within a project’s space. A
project’ s space meta-process is an integra part
of the spiral model supporting this space. Each
space’'s meta-process uses two types of
resources. common resources shared with the
coordination spiral and specific resources
reflecting the space's characteristics and
constraints. Common resources permit iterative
improvement of software artifacts produced
within each space, and provide tools to
guarantee the acceptability of those artifacts
needed by the other spaces. Specific resources
permit each space’s principal actor to take into
account the space's organizational, technical
and human contexts. Common evaluation and
organizing resources provide tools to deal with
horizontal communications problems while
specific resources contribute to reduce vertical
communication problems. So, each space’'s
meta-process is a specidization of the
coordination spiral. The number of iterations
accomplished during the solution devel opment
is strongly correlated to the risk anaysis and
reduction tasks.
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Each spiral’s cycle results in a set of software
artifacts and intermediary products, which
contribute to the implementation of a new
version of a deliverable software product. They
are constructed using either the specific
resources of one project space or resources
common to several spaces. For example,
software lifecycle models, development
methods and tools are resources shared by the
architecture definition support process and the
software implementation process. Resources
used by the five processes are stored in a
repository, caled the corporate repository,
composed of five layers, each one
corresponding to an abstraction level:

The dynamic part resources

1. the first level (level 1) corresponds to
the four project spaces specific
resources,

2. the second level (level 11) corresponds
to the resources shared by two
processes,

3. thethird leve (level I11) corresponds to
resources shared by three processes,

4. the fourth level (level 1V) corresponds
to resources shared by four processes,

5. the fifth level (level V) corresponds to
resources shared by all processes.

Each abstraction level has two entries: a space
entry that provide information on spaces using
a given resource, and a resource entry that
describes the type of this resource (method,
tool, and model...). Detailed description of the
corporate repository layers, as well as the inter-
layers and intralayers rdationships, is
provided in (Dakhli 1998).

6. APPLICATIONSOF THE
SOFTWARE ENGINEERING
GLOBAL MODEL

Many frameworks built upon the software
engineering global model permits usto validate
it in an operational environment. In the
following we list three mgjor applications of
this model.

Firstly, we use this framework to define an
organizational model of software artifacts
maintenance and reuse within a French
insurance company. This company which
bought a set of business and technical reusable
artifacts encountered many problems while
defining rules to reuse, customize and manage
those artifacts. The organizationd model we
suggest to cope with these problems is based
on two processes. The first process is
development for reuse process carried out by
the software architect. The second process is
the development with reuse process carried out
by the software developer and the coordination
process, which defines the inter-spaces and
intra-space  coordination  rules  between
architects and developers. This framework was
recently updated by defining a set of basic rules
for configuration management of reusable
software artifacts.



Secondly, we propose a framework to analyze
the “software crisis’” in terms of deviations and
inconsistencies  inherent in software
engineering. Thisframework suggests solutions
to reduce the “software crisis’ impacts through
the use of methods and tools compliant with
organization's maturity, know-how,
constraints, and priorities. The proposed
solutions are implemented in a medium-sized
French company, which has many problems
related poor quality of software products and
high development and maintenance costs.
Evauation of this framework is in progress.
Finally, the software engineering global model
was used to elaborate an economic model of
software reuse based on two layers: the first
layer reflects the conflicting interests and
points of view of actors involved in creation,
customization and reuse of software artifacts.
The second layer permits taking into account
the corporate strategy, priorities and
constraints. A prototype implementing this
model has been devel oped.

7. CONCLUSION

The software engineering global model
proposed is neither a panacea solution of the
“software criss’ nor a silver bullet, but a
framework which takes into account the major
aspects and entities often omitted in the
description of software engineering activities.
This model provides basic foundations of a
globa architecture of software engineering
environments  and software  artifacts
development, maintenance and use processes.
Vdidating the software engineering global
model in real world operational environments
demonstrates that it is open at two levels. On
the one hand, since its dynamic part is based on
Boehm's spiral moddl, it facilitates knowledge
capitdization by integrating al existing
approaches, methods, techniques, and
organizations know-how. On the other hand, it
iS appropriate to the main new software
engineering paradigms e.g. cooperative work,
intelligent  agents  systems,  workflow
technology...For example, a multi-agent

systems development methodology based on
this model is under construction.

Finally, we notice that we have used the basic
idea of this work as a starting point to build a
global model of electronic commerce (Toffolon
et al. 2002).

Nevertheless, the framework proposed in this
paper can be improved in severa ways. In
particular, the detailed description of the
“PACQO” loop and the five spirals supporting
the dynamic part of the software engineering
globa model seems to be a possible
improvement of this work.
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